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I*1 E jWENJTE LIQUIDUS AND DEPTHS OF SEGREGATION FOR HIGH-TI PICRITE GLASSES: 
ness, uepartment of Geological Sciences, Brown University, Providence, Rl 02912 

min^r Hon^o , ^f 9lass f^ re ^ resent primitive and perhaps near primary liquids which have suffered only 
minor degrees of crystallization or near crustal modification (1). These glasses are multisaturated with 
olivme and othopyroxene al pressures from 20.25kb. I argue below tha. high TO 2 mare gS we« 

4W SOOklll'^ 8 6d W,th orthopy,oxen ' ! and * ere segregated tram the lunar mantle at mean depths ol 

The glasses are typically modelled as products of relatively low degrees of meltinq of an hybridized 
source resulting from the overturn and mixing of the gravitationally unstable cumutate pile V But the 
models are neither unique nor, in some cases, correct. 

k f0 i ® xample ,ound that ^e trace element characteristics of Apollo 17 74220 orange 
obtained by melting 4-7% of an hybridized source formed of 95.8% early cumulate olivine 
cm d a it 2/ ° 3,6 f ta9 f cumulates containing 24% augite, 40% plagioclase and 36% ilmenite plus much 
smaller amounts of apatite and highly evolved trapped KREEPy liquid. These results however^ are 

DlaatocSse ?o? SSH 0 "*? f re “ nsider ® d A vef y Powerful constraint is that ilmenite. augite,’ and 

plagioclase (or garnet) are not found near the high pressure liquidus of the orange qlass 74220 (3) 

Thus melting must eliminate these phases from the source. The liquid produced by 4% melting Si 
h i 9 T y ,°k V ' ne ,h ® reSidU ® must have about 20% Ti °2 - and 1 3% AI2O3 and 1 1 % CaO! Compare 
70 / S1 U h , e ,° ran9e 9 ' ass which has about 9% Ti °2- 6% AI2O3 and 7% CaO. The liquid produced by 
ItTTZ I 0 , ? 6 ' r 10 * he mark 1% Ti ° 2 ’ 7% a| 2°3> 6% CaO) but is not a good match for orangl 

m m ,hl ^ exa T ple ,hat the major and trace elements must be considered together in 
petrogenetic modelling. This abstract focuses on the constraints imposed by the Ti02 content of high 
1 1U2 mare basalts. 

Delano (4) determined the high pressure phase relations and the chemical composition of near 

nMimpnif!^ 1 ctt a s f H d me J tS °K Apoll ° 15 red picri1e 0lass - The r esults include the chemical compositions 
thP Sit S? rat f d ob,a ! ned ,rom 1 bar t0 20 kb - Th ese compositions are now used to calculate 
t ei^enite saturation surface of Apollo 15 red glass over a wide range of pressures and temperatures 
The solubility of ilmenite varies with pressure at fixed T°C as p 

(1 ) In x (T,P)= In xf (T.P') + 

RT 

where X (T.P) is the normative FeTi0 3 content of the melt at the T.P of interest, YJ is the normative 
FeTiC>3 content of ilmenite saturated liquids (4) at T.P^aV is equal to the difference in the molar volume 
of ilmenite and pure FeTi0 3 liquid and AP is equal to P-P 7 . Equation [1] ignores the variation in 
concentration of the MgTi0 3 component in ilmenite and assumes that the liquid activity coefficient, 
7 FgTi 0 3 . is independent of pressure and FeTi0 3 content. The molar volume of ilmenite, the coefficient 

^r a 1 L e ^K anSi0r ) and compressibi,i, y are ,rom (5). The partial molar volumes, the partial molar 
coefficients of thermal expansion and compressibility of liquid Ti0 2 and FeO are taken from (6 7) and are 
used to calculate the liquid molar volume of FeTiC> 3 . 

Once the Ti02 contents of ilmenite-saturated liquids are contoured with respect to pressure the 

™fclnrf re Thi e ™° obtain the ilmenite saturated surface as a function of temperature at constant 
pressure. The T1O2 contents of ilmenite-saturated picrite glasses are found for pressures up to 35 kb 
and temperatures from 1 200-1 500°C. K 

Table 1 gives the Ti0 2 (wt%) contents of three picrite glasses under P-T conditions obtained at their 
liquidi. The liquidus of the Apollo 14 yellow glass was estimated using the empircal 1 bar liquidus (9) and 
a slope of 77 kb. Table 2 gives the TiC>2 contents of melts along the ilmenite-lherzolite solidus (Mg*=80). 
The solidus is estimated using dT/d(Mg*)=9 ^/Mg* and the constraint that the Iherzolite solidus should 
occur at a higher temperature than that of mare basalt solidi. Note that the TiC>2 contents of ilmenite- 
saturated near solidus melts remain constant near 12% Ti02 for P=15-30kb 

The three picrite glasses, Ti0 2 contents from 4.6 to 13.5 wt%, (table 1) are strongly under-saturated 
with respect to ilmenite as confirmed by phase equilibria. Indeed, none of the picrite glasses (maximum 
HU2- 16.4 /o) listed in (1) are in equilibrium with ilmenite under lunar conditions. Of even more 
significance, as discussed below, is that the Ti0 2 contents of ilmenite saturated liquids at the Iherzolite 
solidus, are greater than all but the most Ti02-rich picrite glasses. 
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IILMENITE LIQUIDUS: Hess, P.C. 

Consider the melting of an Apollo 15 Red glass source. The near- solidus melt of ilmenite-lherzolite 
contains about 12% TiC>2. Melting must continue to temperatures to at least 30°C above the solidus to 
reproduce the TiC>2 contents of the red glass. But to produce a melt which is undersaturated with 
respect to ilmenite even higher super-solidus temperatures are required. For example, ilmenite 
saturated melts 60-70°C above the solidus contain about 16% Ti02at 20-25 kb. The melt mass must be 
increased by about 15% by melting olivine ± orthopyroxene beyond the ilmenite-out curve in order to 
reduce the Ti02 content of this melt to 13.5% Ti02 and to undersaturate the melt with respect to 
ilmenite. The total amount of melting is determined by the modal content of ilmenite. If, for example, the 
mode of ilmenite is 2 wt% (= 1.1 % Ti02) then about 6% melting is required to reach the ilmenite-out 
curve and an additional 1% to attain the Red glass composition. Doubling the ilmenite mode doubles the 
amount of melting. 

Using the same arguments, the melt mass must be increased another 2.5 times beyond that at the 
ilmenite-out curve to reproduce the observed TiC>2 (4.6) contents of the Apollo 14 Yellow glass. If the 
mode of ilmenite in the source was 1%, the total amount of melting was about 14%, 71% of which from 
melting TiC>2-poor phase(s). If the Ti02-poor phase melted was olivine, then the CaO and AI2O3 
contents of the ilmenite-saturated melts would be 26% and 20% respectively. Melts with such high CaO 
contents are not obtained from Iherzolite. If the Ti02-poor phases are olivine and diopside, then CaO 
contents of ilmenite saturated melts are buffered at much lower values. But no known mare picrite glass 
has diopside within 1 00° of the liquidus. The most reasonable model is that the CaO and AI2O3 contents 
are buffered by an olivine and orthopyroxene residuum, as permitted by the phase equilibria. It is 
concluded that the mare glasses were equilibrated with orthopyroxene and probably olivine and that the 
mean depths of segregation are 400-500 km. 

Table 1 

P(Kb) (1) (2) (3) 

10 22% 30% 38% 

20 20 25 29 

25 19 

Ti02 (wt%) contents of ilmenite saturated liquidus for Apollo (1) 15 Red (13.5% TO2); (2) 17 Orange 
(9% Ti02) ; (3) 1 4 Yellow Glasses (4.6% T1O2) 


Table 2 

P(kb)/T(°C) 10/1180 20/1280 30/1380 

10% 12% 12% 

Ti02 contents (wt%) of the mare basalts along the ilmenite “Iherzolite” solidus 
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